Unilateral pulmonary oedema following systemic to pulmonary artery shunts has been reported. I • 2 Reconstruction or banding of the shunt is necessary if the patient cannot be weaned from ventilatory support. We report on a patient who developed severe unilateral pulmonary oedema following tetralogy of Fallot repair, the consequent course and implications of management.
CASE REPORT
A five-year-old, 15.5 kg, Chinese girl with tetralogy of Fallot had had a Waterston shunt performed at the age of one month. She was readmitted on this occasion for definitive correction because of a rising haematocrit and increasing frequency of cyanotic episodes.
She was premedicated with morphine 3 mg and hyoscine 0.15 mg intramuscularly with good effect. Induction was with ketamine 25 mg and pancuronium 3 mg intravenously, and nasotracheal intubation undertaken with a 5.5 mm (ID) uncuffed Portex tube. Anaesthesia was maintained with a 50070 oxygen and nitrous oxide gaseous mixture, and morphine 1 mg/kg intravenously until institution of bypass. Ventilation by means of a Siemens Servo 900B ventilator was commenced with a minute volume of 4.0 litres. The electrocardiogram, arterial pressure, central venous pressure, nasopharyngeal, oesophageal and rectal temperature were monitored continuously.
Anaesthesia and surgery were uneventful with a total bypass time of 103 minutes and aortic cross clamp time of 86 minutes. Cardioplegia was used and the surgery performed at 25°C. The Waters ton shunt was taken down and the right pulmonary artery was patched with pericardium, after which it easily allowed passage of a Hegar 6 dilator. A 1.0 cm X 1.5 cm ventricular septal defect was closed with a Dacron cloth patch, the atrial septal defect was closed directly with Prolene sutures and the right ventricular outflow tract was patched across the pulmonary valve annulus to the left pulmonary artery. The right ventricular outflow tract and main pulmonary artery admitted a Hegar 10 dilator comfortably.
At the conclusion of surgery, the child was transferred to the intensive care unit, ventilated with 80% oxygen and received a continuous dopamine infusion (5 i-lg/kg/min). Paralysis was maintained with pancuronium and the child was sedated with a continuous infusion of morphine (20 i-lg/kg/hour). After four hours the blood gases deteriorated and the maximum airway pressure assessed from the ventilator pressure gauge increased. The minute ventilation had to be increased to maintain a PaC02 near the normal range.
A chest X-ray at this time revealed complete opacification of the left hemithorax and increased translucency of the right hemithorax ( Figure 1 ). The left chest cavity was tapped but revealed no fluid. A 2D echocardiogram with contrast showed markedly increased blood flow to the left lung compared with the right and confirmed that an intra-cardiac right-to-Ieft shunt did not exist. The patient at this stage was severely hypoxaemic, hypercarbic and acidotic, resulting in three episodes of acute hypotension and bradycardia. The child was resuscitated with adrenaline, sodium bicarbonate and calcium chloride and maintained with a mean arterial pressure of 50 mmHg with dopamine (20 J..Ig/kg/min) and adrenaline (0.5 J..Ig/kg/min) infusions. A main pulmonary artery angiogram was performed to define the site of obstruction and illustrated right main pulmonary artery stenosis.
The patient's condition was critical and it was felt that further corrective surgery at th-:,.( stage would be fatal. In an attempt to impro':e the hypoxaemia, the left main bronchus was selectively intubated with a 6.0 mm (ID) uncuffed Portex endotracheal tube, which surprisingly still allowed a small leak. Varying patterns of ventilation were tried and that which provided the greatest improvement in oxygenation and mean arterial pressure was maintained. The child's haemodynamics improved and there was gradual correction of the hypoxaemia. The chest X-ray showed clearing of the left lung and collapse of the right lung, with the formation of a pneumothorax also on the right (Figure 2 ).
After a further 12 hours of one-lung ventilation the child was re-operated upon. The aorta was transected and the right pulmonary artery patched proximal to its origin. The roof of the right pulmonary artery was patched and the aorta closed. Although no obstructing Anaesthesia and /nlensive Care, Vol. 12, No. 2, May, 1984
-Chest X-ray before corrective surgery to the right pulmonary artery illustrates left endobronchial intubation, hyperinfiated radiolucent left lung field with intercostal catheter in situ. The right lung is collapsed with a pneumothorax drained by an intercostal catheter in the right pleural cavity.
lesion or constriction was seen in the right pulmonary artery, it was felt that there may have been some torsion applied at its origin, from the previous repair. Pressures were measured off bypass and there was a 5 mm gradient between the right ventricular cavity and distal right pulmonary artery. Postoperatively the patient required haemodynamic and ventilatory support which was able to be weaned on the second postoperative day. She was extubated on the fourth postoperative day. Initially there was severe neurological deficit, which over the next month showed remarkable improvement. At the time of submission of this report, conscious state had returned to normal although cortical blindness and some cerebellar dysfunction persisted.
DISCUSSION
Unilateral pulmonary oedema is an uncommon finding but may be associated with a number of conditions. 3 The differential diagnoses considered in this child for a rapidly progressive "white-out" of the left hemithorax included massive pleural effusion, unilateral veno-occlusive disease, pulmonary atelectasis, unilateral aspiration and differential pulmonary blood flow.
Although estimates of pulmonary artery size taken at the time of repair of tetralogy of Fallot may seem adequate, functional obstruction due to torsion or kinking can occur on termination of bypass. In this case, pulmonary artery pressure was similar to aortic pressure, after the repair. Although interpretation may be difficult, in retrospect, this indicated distal obstruction.
Previously oligaemic lungs are usually very compliant and adequately ventilated at low pressures, even after corrective surgery. As no intracardiac right-to-Ieft shunt was demonstrated, progressive hypoxaemia and poor compliance was due to the development of pulmonary oedema of the left lung. Contrast echocardiography demonstrated that most of the blood flow was passing to the left lung while right heart catheterisation confirmed obstruction to the right main pulmonary artery.
Left endobronchial intubation and one-lung ventilation improved arterial oxygenation and allowed haemodynamic stabilisation prior to re-opera ti on.
Endobronchial intubation in children varies in technical difficulty according to the side and the pathology being treated. 4 In the case described left main bronchus intubation was relatively easy. As the hyperinflated lung deflated, the engorged, non-compliant lung pushed the mediastinum to the right, thus making the angle between the carina and left main bronchus less acute. The corollary of this is that intubation of a normal left lung may be extremely difficult if the right lung is afflicted with congenital lobar emphysema. Blockage of the right main bronchus with a Fogarty arterial embolectomy catheterS was considered. The child's critical condition would not allow any lengthy manipulation, and rapid advancement of the tube into the left main bronchus was the safer procedure. Differential ventilation as described by Santesson et al. 6 was technically not possible as an appropriate sized doublelumen endobronchial tube for a child of this age was not available.
There was a marked difference in compliance between the oedematous left lung and the oligaemic right lung. It was impossible to ventilate the left lung adequately with conventional ventilation via the endotracheal tube.
Left endobronchial ventilation was used as an attempt to improve the matching of ventilation and perfusion. Using the iso-shunt diagram of Benatar, Hewlett and Nunn 7 it can be seen that this manoeuvre reduced the effective shunt from greater than 50070 to somewhere in the region of 35%. It is perhaps surprising that the shunt did not decrease more, as it appeared on 2D echocardiogram and during angiography that there was minimal blood flow to the right lung. Studies have demonstrated, however, that manoeuvres which increase the mean pressure within the ventilated lung will displace a greater proportion of the pulmonary blood flow to the opposite, unventilated lung. 8 This displacement may have been sufficient to partially overcome the functional obstruction of the right pulmonary artery.
Arterial oxygenation can be optimised during one-lung anaesthesia by oxygen insufflation of the deflated lung, while ventilating the other lung with a large tidal volume and zero endexpiratory pressure. 9 ,1O In this case, extremely high peak airway pressures developed with large tidal volume ventilation resulting in critical falls in blood pressure. Pulmonary barotrauma is inevitable at peak airway pressures of 80 cm of H20 for any period of time, resulting in severe disruption of pulmonary architecture and massive air-leak.
The pattern of ventilation which produced the greatest improvement in arterial oxygenation and least depression of arterial blood pressure, incorporated a rapid rate, large minute volume and high PEEP (15 cm H20) ( Table 1 ). Increased mean intrathoracic pressure prevents small airway collapse and recruits alveoli. Improved V IQ matching in the left lung increased the arterial oxygen saturation. The clearing of the opacity on X-ray in the left hemithorax after one-lung ventilation reflected an increase in the volume of gas in that lung, rather than a decrease in lung water.
The aetiology of unilateral pulmonary oedema in this case was probably multifactorial. The pulmonary vasculature of Fallot's tetralogy is unaccustomed to coping with the whole cardiac output and takes time to adjust to the higher pulmonary blood flow. The right lung which had adequate vasculature following preparation by the Waterston shunt received little of the cardiac output after the first operation due to the obstruction of the right main pulmonary artery. The left lung was forced to cope with the majority of the cardiac output at pressures equal to or near systemic arterial pressure. Furthermore, prolonged cardiopulmonary bypass increases lung capillary permeability and associated with a fall in colloid osmotic pressure due to the dilutional effect of the priming solution, encourages translocation of fluid into the alveoli. A vicious circle developed with hypoxaemia and low cardiac output leading to further left ventricular failure, raised left atrial pressure, increased pulmonary venous pressure and progressive pulmonary oedema.
This case illustrates an uncommon complication of tetralogy of Fallot repair and its management. Earlier diagnosis and institution of one-lung ventilation may well have prevented the episodes of acute circulatory decompensation and subsequent neurological damage. 
